To compare the concentration of median Sr in the studied area with its concentrations in the land of the African continent and the world, the median Sr in the western north coast of Egypt (449 mg/kg) appear to be very close to the empirical data value from Africa and higher than the empirical data value globally.
INTRODUCTION
Strontium (Sr 2+ ) pollution is considered a big dilemma nowadays, because of the increases concentration in wastewater and other areas (AbouShady, 2017) . Sr 2+ interference with the biological processes that normally involve calcium and eventually skeletal development. The fact that Sr 2+ is chemically similar to calcium allows it to exchange imperfectly with calcium in bone and other cellular that are enriched in calcium. Also, the function of different enzymes that are calcium dependent will be substituted when Sr 2+ exists that may modify kinetic parameters. Sr 2+ can interact with secondary cell messenger systems and transporter systems that normally use calcium (ATSDR, 2004) .
At high doses of Sr 2+ , neurotoxic and neuromuscular perturbations may be caused. The total daily intake of Sr 2+ for adults in many parts of the world is estimated to be up to 4 mg day -1 . Sr 2+ occurs naturally in earth s crust (approximately 0.02-0.03%) in mineral forms such as celestite (strontium sulfate) and strontianite (strontium carbonate). However, minor amounts of Sr 2+ exist in other mineral deposits and close to sedimentary rocks associated with gypsum, anhydrite, rock salt, limestone, and dolomite. Sr 2+ can also occur in shales, marls, and sandstones (ATSDR, 2004) . low concentrations of the Sr 2+ may be adsorbed on calcium carbonate via electrostatic attraction force as hydrate ions, however at high concentrations Sr 2+ may be precipitated as strontianite (strontium carbonate) (Parkman et al., 1998) .
The main objective of the present work was to investigate the environmental behavior of Sr 2+ in some salt affected soils along Western North coast of Egypt. The transportation of Sr 2+ from soil to the grown plants was also investigated. The contamination levels of Sr 2+ concentrations were evaluated using risk indices such as enrichment factor (EF), geo-accumulation index (I geo ), contamination factor (CF), the degree of contamination (C d ), modified degree of contamination (mC d ), pollution load index (PLI), soil pollution index (SPI), and risk assessment code (RAC). In addition, Sr 2+ containing plants was investigated using bioaccumulation (BAC) .
MATERIALS AND METHODS Soil sampling and analysis:Soil samples were collected from different locations between latitude 27° 2` E -29° 55` E and 30° 40` N -31° 22` N. These areas include different towns such as Forty three surface (0-25) cm and subsurface (25-50) cm soil samples were collected from 22 sites that represented calcareous soils along North Western Coastal Plain (Fig. 1) . Sixty plant samples, grown in twenty one locations, representing the different plant species were collected.
Soil texture was determined using international pipette method. Organic matter content was determined according to Walkley and Black method. Soil pH was determined in the soil suspension of 1:2.5. Total soluble salts were determined in soil -water extract (1:2.5). Total carbonate content was determined using Collin s calcimeter method (Jackson, 1973) . Heavy metals content was determined using Inductivity Coupled Argon Plasma (ICAP). Sr 2+ fractions were determined using sequential extraction methods (Kilmer and Alexander, 1949 , Piper, 1950 , Jackson, 1973 , Tessier et al., 1979 , Jena et al., 2013 .
Plant analysis
Plant samples (aerial parts and roots) were thoroughly washed with distilled water and dried at 70 o C. Afterwards, plant samples were digested using the mixture of H 2 O 2 and H 2 SO 4 according to Nicholson (1984) . Sr 2+ risk indices Enrichment factor (EF) : The EF was utilized to assess the level of contamination and possible anthropogenic impact of Sr 2+ in the studied soils along the Western North Coast of Egypt. In the present study, Fe was used as the conservative tracer to differentiate natural components from the anthropogenic samples. The EF was calculated as follows according to Ergin et al.(1991) , Abrahim and Parker (2008) and Chen et al. (2007) :
where (C x /C Fe ) sample is the a ratio content of the element and Fe in the studied sample, and (C x /C Fe ) Reference is the same ratio in the earth's crust Rudnick and Gao (2004) and Nadimi-Goki et al. (2014) . Geo-accumulation index (I geo ): Another approach to estimate the contamination levels of Sr 2+ is the geoaccumulation index (I geo ). This method assesses the degree of metal pollution in terms of seven enrichment classes based on the increasing numerical values of the index and could be calculated as follows according to Muller (1969) and Rudnick and Gao (2004) 
where C x is the content of the element in the enriched samples, and b x is the background value of the element. Contamination factor (CF): Contamination factor (CF) is the ratio of metal concentration in soil sample to its concentrations in the background. The CF was calculated using the following equation Hakanson (1980) :
where C x and C r are the mean concentrations of the metal contaminants in the soil samples and background reference material, respectively Chen et al.(2015) . The degree of contamination (Cd): The degree of contamination (C d ) is based on the CF of the pollutant and may be calculated according to the following equation (Swarnalatha et al.(2015) .
where n is the number of analyzed elements and i is 1 th element, and CF is the contamination factor. 
where n is the number of analyzed elements and CF is the contamination factor. Pollution load index : To estimate the overall pollution status of the studied samples, the pollution load index (PLI) was calculated using the following equation Chen et al. (2015) and Qing et al. (2015) .
where CF represents the contamination factor of a metal, and n represents the specific metals contamination factor. Soil pollution index: Soil pollution index (SPI) is a simple well known pollution evaluation tool was used to identify single element contamination indices. SPI was calculated using the following equation:
The permissible level of metals has been provided by soil quality guideline according to Gowd et al. (2010) .
Environmental implications:
The fractionation of metals is of critical issue because of their potential toxicity and mobility Maiz et al. (2000) . The fractions that are most influenced by human activity include the exchangeable and carbonate-bound fractions, in which metals are weakly adsorbed and can become more bioavailable due to equilibration with the aqueous phase Rath et al. (2009) . The reactivity of sediments was evaluated via applying the principles of the risk assessment code (RAC). The RAC is a scale that used to assess potential mobility and risk based on the percentage of exchangeable and carbonate-bound metal in the sediment Perin et al. (1985) ; Jain (2004) ; Ghrefat and Yusuf (2006) and Karak et al.(2011) . Strontium bioaccumulation in plant: The biological absorption coefficient (BAC) was used to characterize the degree of elements uptake by plants from soil. Nagaraju and Karimulla (2002) have defined the BAC as the ratio of concentration of an element in plant ash to the total metal concentrations in soils. On the other hand, Mountouris et al. (2002) and Hassinen et al. (2009) have defined the bioconcentration factor or translocation factor as the ratio of metal concentration in the edible part of vegetables such as leaves, seeds, and roots to the total metal concentrations.
Statistical analysis
For statistical analysis of the present data, both descriptive and multivariate data analysis was used, such as Cluster analysis, Factor analysis, and Principal Component Analysis. SPSS (SPSS 20.exe) were used to calculate the descriptive statistics (Min., Max., mean, Std. Deviation, median, skewness, kurtosis, factor analysis and Cluster analysis) and assess the elements' correlations with some soil parameters.
RERSULTS AND DISCUSSION
The present study dealt with environmental behavior of Sr 2+ in some salt affected soils along the Western North Coast of Egypt. Tables (1a and ab) shows a summary of some physical and chemical properties for the investigated soils. In general, soil pH ranged from 7.0 to 8.9 denoting to the neutral to alkaline soil reaction. EC ranged from 0.20 dS m -1 to 12.21 dS m -1 indicating non-saline to extremely saline soil. Organic matter content ranged from 0.001% to 1.67%. CaCO 3 content ranged from 12.31% to 42.80%. CEC ranged from 1.70 meq 100g -1 to 18.90 meq 100g -1 . Percentage of sand fraction varied from 46.20% to 95.61% while clay content ranged from 2.68 to 32.80%.
The risk indices were explicit to investigate the contamination degree of Sr 2+ and other associated elements in the studied soils. The first risk indices was enrichment factor (EF). If the EF is higher than 1, the metal concentration in the soil sample will enrich 2+ followed by Ba < Cd < Co < Cu < Ni < Mn < Cr < Zn < Sr, Fig. (2) . Fig. (4) .
For the classification and description of the mC d seven gradations are proposed as shown in Table (7). mC d is ranged from 0.14 to 1.03 and its mean equal to 0.317,i.e. this less than 1.5. so the class of modified degree of contamination level is nil to very low degree of contamination, Table (7).
The pollution load index values are used to classify samples as; unpolluted (PLI 1), moderately polluted (PLI = 1 3), highly polluted (PLI = 3 5) or very highly polluted (PLI > 5) (Qing et al., 2015) . The pollution load index has been calculated and ranged from 0.06 to 0.54 and its mean is 0.163, i.e. it less than 1,so can classify as unpolluted.
The soil pollution index level of each heavy metal present was classified as low contamination (SPI 1), moderate contamination (1 < SPI 3) or high contamination (SPI > 3) (Chen et al., 2005) . All calculated values of SPI for all elements except SPI of Sr and Zn is less than 1. So the pollution index levels of Ba, Cr, Cu, Pb and Zn are low contamination and while SPI of Sr is moderate contamination, Table ( 62) . This may be suggesting that trace elements are associated with the Fe-Mn oxyhydroxides. The statistical analysis reveals that Zn in soils is highly significant positively correlated with Cu (r = 0.78), Co (r = 0.78), Ni (r = 0.45), Pb (r = 0.69), Cr (r = 0.68) and Mg (r = 0.53). and organic matter is highly significant positively correlated with Fe, Mn, Zn, Cu, Pb, Ca, silt % and CEC while being significant negatively correlated with sand % (r = -0.53). Soil pH is significant positively correlated with clay %, Mn, Cu, Co, Ni, Pb and Mg. Soil salinity is correlated with sand % and CEC,table(9). Factor analysis to reduce the number of variables, a factor analysis was applied to the available data set by using Principal Component Analysis (PCA) and cluster analysis (CA) were used to distinguish the different groups of heavy metals. PCA with varimax rotation was performed with respected factor loadings were calculated using eigen values >1. The factor loadings may be classified as strong , moderate and week considering their significant influence in the geochemical processes corresponding to absolute loading values of > 0.70, 0.70 0.50 and 0.50 0.40, respectively (Liu et al., 2003; Panda et al., 2006 ). In the current study factor analysis separate the soil analysis data into three factors, which describe the distribution of elements in the studied soils. These factors explain 74.5% of the variance using 13 variables in the analysis .The results of PCA for heavy metal contents are listed in Table (10). According to these results, Sr, Ca, Ba, Co, Mn, Cr, Zn, Fe, Cu, Pb, and Ni. Mg and Cd concentrations could be grouped into a three component model, the first principal component (PC1) was correlated with Co, Mn, Cr, Zn, Fe, Cu, Pb, Ni and Mg. The second principal component (PC2) includes Sr, Ca and Ba. While Cd was only isolated in the third component (PC3). The result of CA analysis is illustrated in the dendrogram (Fig.6) . Three distinct clusters can be identified Cluster I contained Sr, Ca and Ba. While the long distance between Cd and the other heavy metals may suggest that this cluster can be further divided into two sub clusters Cluster II contained Sr, Ca and Ba. The results of PCA agreed well with that of the CA. Therefore, it is suggested from the PCA and CA that the analysed elements may be classified into three groups.
Ecological risk assessment:
The exchangeable and carbonate bound metals easily mobile and thereby make themselves more readily bio-available (Singh et al., 2005) . The criteria of risk assessment code (RAC) as given below indicates that the soil that can release <1 % of the total metal in exchangeable and carbonate fractions is considered safe, i.e. in no risk category while that release >50 % of the total metal in the same fraction is considered to be under very high risk category. Low risk is there when the release is 1 10 %, medium risk is there when the release is 11 30%, high risk is there when the release is 31 50% and very high risk (>50%) (Perin et al., 1985) . Mean of RAC is 69. 237, 69.889, 70.606, 67.289, 72.021, 71.970 and 68.680 in Burg El Arab, El Hammam, Al Alameen, Sidi Abdl Rahman, Al Dabaa, Ras Alhekma, and Marsa Matrouh area respectively, indicating their significant bio-availability which may pose significant ecological risk, (RAC> 50%). Strontium content ratio of F1-soluble fraction is ranged from 0.155 to 0.367, its ratio of F2-exchangeable fractionis ranged from 9.88 to 20.03, its ratio of F3-carbonate fraction is ranged from 47.06 to 63.452, its ratio of F4-bound to Fe-Mn oxyhydroxides (Fe-Mn-) ranged from 18.54 to 33.80, its ratio of F5-bound to organic matter (OM-) ranged from 0.954 to 4.953 and its content ratio of F6-residual (Res-) ranged from 0.953 to 3.673, Table ( 
11) Bioaccumulation of strontium (BAC):
The BAC has a wide range (0.001 100), which could be classified into five groups; Nagaraju and Karimulla (2002) , very weak absorption 0.001 0.01; weak absorption 0.01 0.1; intermediate absorption 0.1 1; strong absorption 1 10; intensive absorption 10 100. The BAC of strontium in study area was calculated and the results were shown in Table ( 12), the classification of BAC could be ordered as follows: very weak absorption (1.66%), weak absorption (16.66%), intermediate absorption (76.66%) and strong absorption (5%), The variation of BAC was not remarkable in different districts, which due to the bio-available contents of strontium were similar in different districts. Furthermore, the highest BAC (2.018) was occurred in Leek (Allium ampeloprasum) and the lowest BAC (0.005) was occurred in tomato (Solanum lycopersicum). The highest Sr/Ca (0.257) was occurred in Sweet sorghum (Sorghum vulgare var. sacchratum) and the lowest Sr/Ca (0.006) was occurred in Olive (Olea europaea). Although the concentration of Sr is considered value but its absorption by all the plants was significantly limited that due to their specific absorption comparing to their Ca absorption. And to compare the concentration of median Sr in the studied area with its concentrations in the land of the African continent and the world, table (13) The median Sr in the western north coast of Egypt (449 mg/kg) appear to be significantly above empirical data from both Nile Delta (263 mg/kg) and soil Egyptian central Nile Valley (307 mg/kg) and value is very close to the value of Aswan-Sohag (400 mg/kg), Aswan-Asyut valley (214 mg/kg) and Africa (47 mg/kg). The median Sr in the western north coast of Egypt was less than its value globally, England and Wales (27 mg/kg), North Germany (9 mg/kg), North Europe (15 mg/kg), Whole Europe (89 mg/kg), Congo river (52 mg/kg), Japan soils (125 or 98 mg/kg), North American (142 mg/kg). 
CONCLUSIONS

